Recognition of emotional facial expressions is based on simulation and mirroring processes, and the premotor cortex is supposed to support this simulation mechanism. The role of this prefrontal area in processing emotional faces with different valence (anger, fear, happiness and neutral) was explored taking into account the effect of the lateralization model (more right-side activation for negative emotions; more left-side activation for positive emotions) of face processing and anxiety level (high vs low). High-frequency repetitive transcranial magnetic stimulation (rTMS, 10 Hz) was applied to the left prefrontal area to induce an increased activation response within the left premotor cortex. Twenty-nine subjects, who were divided into two different groups depending on their anxiety level (high/low anxiety; State-Trait-Anxiety Inventory (STAI), were asked to detect emotion / no emotion. Accuracy (AcI) and response times (RTs) were considered in response to the experimental conditions. A general significant increased performance was found in response to positive emotions in the case of left-side stimulation. Moreover, whereas high-anxiety subjects revealed a significant negative-valence bias in absence of stimulation, they showed a more significant AcI increasing and RTs decreasing in response to positive emotions in case of left premotor brain activation. The present results highlight the role of the premotor system for facial expression processing as a function of emotional type, supporting the existence of a valence-specific lateralized system within the prefrontal area. Finally, a sort of "restoring effect" induced by TMS was suggested for high-anxiety subjects.
Introduction
Simulation models of emotion recognition have suggested that understanding another's emotions expressed by face requires individuals to map the observed emotion onto their own representations which are active during the experience of the perceived emotion [1] [2] [3] . Supporting this perspective, functional brain imaging studies have indicated that perceiving another person's facial expressions correlates with increased activity in similar sensorimotor cortices, which mainly include two separate components: premotor and somatosensory cortices [4] . Cortical activations were interpreted as evidence that these regions contribute well as functions that serve to modulate the somatovisceral activity, and to link these two components to bodily experience the emotions (likely somatosensory systems). In particular, when a subject "simulates" the perceived emotions, premotor cortex may be more directly implicated in implicitly simulating the emotion-related motor behavior, to prepare the system to reproduce the emotional facial patterns [5] [6] [7] .
TMS (transcranial magnetic stimulation)
studies in healthy adults are consistent with these results [8, 9] . Specifically, it was also found that premotor activity was related to the "valence" effect, pointed out by the different prefrontal responsiveness to some negative (i.e. fear) more than positive (happiness) or neutral faces [2, 5] . These studies found a generic signi cant modi cation of frontal cortical network in response to emotional type, but they did not directly explore the premotor cortex e ect on facial expression simulation mechanisms [10] [11] [12] .
Some recent studies revealed also a significant and distinct contribution by the left and right dorsolateral prefrontal cortex (DLPFC) in response to positive and negative emotional faces. It was found that, when activated, the left DLPFC improved the of left/right PFC on emotional face processing may be due to the emotional valence of the stimuli and to the distinct contribution the two hemispheres may have in manipulating such valence [18] . In comparison with previous research, in the present research a more speci c analysis was conducted on the premotor cortex e ect related to emotional face detection, to directly explore the contribution of the "simulation model" of emotion recognition based on the valence effect. Specifically we intended to verify the role of the left premotor cortex with respect to positive vs negative emotional faces.
A second main goal of the present research was to explore the relationship between anxiety level and emotional face comprehension based on simulation mechanisms. Indeed, anxiety level was previously found to be a significant effect of the personality component in emotional cue detection [19] [20] [21] . Therefore, we intend shown that the frontal cortical area may be implicated in the anomalous implementation of attentional control over threat-related stimuli [22] . In cases of increasing level of anxiety in the clinical and pre-clinical field, it was hypothesized that disorder-relevant information and focusing selective attention on it would be an evoking and sustained factor for anxiety. It was supposed that heightened anxiety is associated with reduced recruitment of control mechanisms on emotional cues that are emotionally arousing, potentially aversive and threat-related [23, 24] . It was also shown that an increased state of anxiety in healthy samples induces a reduced involvement of prefrontal control structures [22] . Thus, reduced activation of the PFC went along with reduced inhibition control of amygdala which would be associated with the inability to suppress emotional or disorder-relevant information, inducing a sort of attentive bias toward the potentially aversive cues.
However, the promising and alternative "valence-model" theory allowed us to explain the relationship between anxiety and emotional information processing supposing withdrawal-related emotions, such as anxiety, are located in the right hemisphere, whereas approach-related emotions are biased to the left hemisphere [16, 17] No previous study has explored the impact of these simulation mechanisms in relationship with anxiety in a clinical or sub-clinical sample, since a more generic effect of the DLPFC was considered in relationship with anxiety levels [11, 20] . In the present research the rTMS (repetitive TMS) method was used to produce an increased responsiveness of the left frontal Inventory [29] . Based on the STAI total scores (range 27-48) we distinguished 2 groups referring to trait-anxiety: high trait-anxiety group and low trait-anxiety group. The two groups were composed by considering highanxious group scores equal to or greater than 43, whereas low-anxious group scores equal or less than 39 [32, 33] .
Subjects and methods

Subjects
rTMS stimulation
We used a transcranial magnetic stimulator by decreasing the degrees of freedom using the Greenhouse-Geisser epsilon. The normal distribution of the data was assessed by using skewness and kurtosis test in a preliminary statistical phase.
Accuracy index (AcI)
Significant effects were found for Trait (F 1,28 = 6.09, P ≤ 0.01; η 2 = 0.34). High-anxiety subjects showed a better accuracy in comparison with low-anxiety subjects ( Table 1) . Moreover Trait x E interaction effect was significant ( 
high-anxiety low-anxiety
Stimulation M (SD) M (SD) M (SD) M (SD)
RT data
Trait x E interaction effect was found to be significant (F 3,56 = 9.55, P ≤ 0.01; η 2 = 0.40):
high-anxiety subjects showed decreased RTs in response to negative emotions (anger and fear) than positive emotions and neutral faces (all comparisons P ≤ 0.01) ( Table 1) . It was also 
Discussion
In the present experiment, facial expression recognition was explored taking into account the level of anxiety, by comparing the performance of high-anxiety subjects with that of low-anxiety subjects. The role of the left premotor area and the contribution of simulation mechanism were considered. It was found that the cortical potentiation of the "simulation" response and its link with the sensorimotor system [6] . It was previously found that the premotor areas are mainly implicated in inducing a coherent motor behavior which is finalized to "reproduce" the facial patterns observed [2, 5] . Thus, a specific competence may be ascribed to this frontal cortical system, which may allow a functional "mirroring" and simulation behavior to produce a functional face recognition.
However, a main point elucidated by the present research was that the premotor contribution in face comprehension was valence-dependent. In fact, the "facilitation effect" observed for AcI (increased) and RTs (reduced) was detected in response to a specific emotional category, i.e. for happiness. cue processing for these subjects [16] . When a sort of functional condition is restored between the two cortical systems deputed to elaborate respectively the positive and negative emotional cues, the high-anxiety subjects' performance shows a signi cant reduction of the pre-existing bias, making their behavior more similar to that of the low-anxiety subjects.
Thus, the negative-bias revealed in highanxiety subjects may be contrasted by left premotor stimulation which restores the "normal" brain functions related to emotional cue processing. An interesting study that has applied a low frequency TMS paradigm (cortical depotentiation) on the frontal left hemisphere revealed an increased attentional negative bias and a clear anxiety behavior [41] , which could con rm the distinct role of left and right sides in processing emotional cues in relationship with the anxiety profile, and contemporary In fact, the reduction of the attentional bias toward the negative cues should be obtained also by reducing the cortical excitability of the right hemisphere, that was deputed to respond to aversive and potentially threatening information, and that was shown to be hyperresponsive in high-anxiety subjects.
To summarize, premotor area activity was shown to be implicated in emotional recognition and it functions as a neural correlate of the underlying "resonance mechanism" when emotions are observed. However, as shown in previous research, the impact of the "simulation mechanism"
should be tested by using some integrative measures, such as facial feedback, by acquiring the electromyography facial response (EMG):
we propose an integration between the autonomic measures and the cortical prefrontal activity, that showed an ability to signal the presence of a somatosensory response to facial patterns [10] . These integrated effects may allow a complete overview of the motor and somatic behavior which supports the mirroring function in emotional face comprehension.
